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SUMMABY 

The Buitabillty of methyl tert -butyl' ethar as a ocogpcmsixb 
of aviation fuel frGm conslderatlonB of kaock-llmlted perfcmnaooe 
teats and laboratory Inspection teste was Investigated. Knook- 
llmlted performance data vere olrbalned fl'om tests on the 17.6 engine 
under superoharged conditions vlth fuel hlends containing 10 and 
20 percent methyl tert -butyl ether. Blends were tested at engine 
speeds of 1800 and 2700 rpm and Inlet-alr temperatures of 130° and 
250° F. Enock- limited perfomanoe data for the blends were ocnipared 
vlth slmUar data for AN-F-28 (130 grade) azxL AN-F-29 (140-P) avia- 
tion fuels. 

Enook- limited performance data vere also obtained on a full- 
scale aircraft-engine cylinder vlth a blend containing 10 percent 
methyl tert -butyl ether. Tests vere made at an engine speed of 
2000 rpm and an Inlet-alr temperature of 210° F and also at an 
engine speed of 2500 s^pm and an Inlet-alr temperature of 250° F. 
Inspection data for tvo blends containing methyl tert -butyl ether 
vere ccoqiared.vlth data for AN-F-28 and AN.-F-29 fuels. 

The following results vere obtained In this Investigation: 
At all oondltlona examined, data from both small-scale and ftill- 
Boele engines Indicated that methyl tert -butyl ether Is a aatla- 
factory blending agent for Improving lean- and rloh-mlxture knock- 
limited performance. Inspection data Indicated tjhat the amount 
of methyl tert -butyl ether that can be added to aviation fuels 
vlll be limited by the effects of the ether on the specified heat 
of combustion. It vas estimated that a 10-percent addition of this 
ether vlU decrease-the-heat of CGobustlon of an aviation fuel 
1 to 2 percent. The addition of methyl tert- butyl ether to the 
base blends did not seriously lover the A.S.T.M. distillation 
tenperatures. 
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Supercharged teste made "by the Shell DeTelopment Company, the 
Xbhyl GasQllzifi Corporation, the Axay Air Forces, Materiel Command, 
and the HACA have Indicated that methyl tert -hutyl ether has better 
aatllmock characterlstlos then ciirrent aviation fuels In the ccmplet( 
range of fuel-air ratios. For this reason additional tests vare 
conducted at the Aircraft TingJTifl Research Laboratory of the NACA 
betveen Apcrll 1943 and JanuaxT- 1944 to provide Information on the 
effect of engine spoed and Inlet-alr temperature on blends of methyl 
tort - butyl ether vlth aviation blending stocks. Particular con- 
sideration vas given to the possibilities of using this material to 
Increase the lean-mixture as veil as the rich-mixture knock-limited 
perfarmaqpe of aviation fuel. 

Small-scale-engine tests vers made vlth fuels prepared by 
blending various concentrations of methyl tort-butyl ether vlth 
aviation, allcylate blending agent, straight-run mo bor gasoline, or 
reference fuel. The engine data for the so fuels vere compared vlth 
data obtained for tvo current aviatlci fuels. Enock-Hiclted per- 
formance data vere also obtained in a full-scale aircra.-'^t-englne 
cylinder on a reference-fuel blond containing methyl tert -butyl 
ether. 

Results of all tests are presented in standard knock-limited 
performance curves and in tabular fozm. Inspection data vere- 
obtained on several blends for ccoparlson vlth standard military 
aviation fuels. 



AFFABATUS ASD TEST COKDITIONS 



Fuel blends and inapection data. - Small-scale-engine tests 
of the follovlng blends vere made: 



Ccqupositlon 



A 



60 percent 72- octane straight-run motor fuel plus 

40 percent 91-octend aviation alkylate blending agent 
• plus 4 ml TZL pur gallon 



B 



90 percent blend A plus 10 percent (methyl tert -butyl 
ether plus 4 ml TSL per gal) 



C 



80. percent S-2 reference fuel plus 20 percent M-3 refer- 
ence fuel plus 4 ml TZL per gallon 
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Blend CcnpoBltloii 

D 80 peroent "blena C plus 80 percent (netiiyi tert -T>utyl 

etlier plus 4 ml XEL per gal) 

15 Air-F-28 (130 grade) aTlatlon fuel 

7 AB-F-29 (140-F).. aviation fuel 

G 60 percent Uend F plus 20 percent metlqrl tert -bufcyl 

etlier 

Full-aoale-englne teeta vera made on the following Uends: 

Blend CompoBitlon 

H 85 peroent 3-3 reference fuel plus 15 peroent N-3 refer- 

ence fuel plus 4 ml TEL per gallon 

I 90 percent blend H plus 10 percent (methyl tert -butyl 

ether plus 4 ml TSL per gal) 

Inspection data consisting of tetraethyl-lead concentrations, 

specific gravities. Held vapor pressures, huats of combustion, and 
A.S.T.M. distillations were determined for blends B, E, f , and O. 

Small- seal j-englne tests. - Staiall- scale -engine tests vere made 
on the 17.6 engine described In reference 1. All tests vlth this 
englno vere knook-llmlted and vere made at the follovlng conditions; 

Engine speed, rpm 1800, 2700 

Ccmpresslon ratio 7.0 

Inlet- coolant temperature, 9F 250 

Inlet-air temperature, °S 150, 250 

Spark advance, deg B.T.C 40 

Full-scale-engine tests. - Ehock-llmlted perf otrmanoe data vere 
obtained on an R-1820 G200 cylinder. A detailed description of the 
engine Installation Is Inoludod In reference 2. All full-scale- 
engine tests vere made at the follovlng conditions, as reocomended 
by the Coordinating Besearoh Council: 

Engine speed, rpm ..... . 2000, 2500 

Compression ratio v 7.3 

Inlet-air temperatusre, 9f « . 210, 250 

Spark advance, deg B.T.C 20/20 
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The ooollng-alr. ^J.ow vas -^et to give a rear sparlc-plug-buslilng 
temperature of 365° F at a fuel-air ratio of 0.10 and a toake mean 
effective pressure .of 140.pQi]nis per square Inch. 

BESaUSB USD .DISCUSSIOB . 

Small-scale -EsglBS Data 

Accuracy of resulta . - At Intervals .thpougliout the test program 
'■€bB 17.6 engine operation was choclcecL vlth S-2 reference fuel at an 
engine speed of 2700 rpoi and an Inlet-alr temperature of 250° F. Data 
far three representative . tests covering an, operating period of 17 days 
are presented In figure 1. 

Heferen c e fu' j'' s. - Khock-llmlted performance curves for S-2 refer- 
ence fuel -gl'dB various coocentratlone of tetraet*i7l leal are shown at 
three sets of engine conditions in figure 2. The porfo^-trftnce numbors 
corresponding to the concentrations of tutraothyl lead are given on 
the figure. , These curves were used for rating othor bl&nls In terms 
of porformatiae nnnliora. The data fat* Indicated f;35aclflc fuol con- 
sumptions indicate that the fuel cor^sumption at a-iy fuol-alr raiiio is 
not dependent on thu knock-limited inlet-air pressure. 

Service- typ e fuels . - The resu3.t3 of tests on AN-F-28 and 
AH-F-29 aviation /uels are presented in figure 3. Tho'so fuels 
were tested for coEsparison vlth preparod hlends ccnta.lniug methyl 
tert-hutyl ether. 

Engine perfor^.aQCg> o f "bl onds. - The offect of inlut-air tempera- 
ture and engine speed oia 'She Tiiock- limited p'jrf or;::ancc of hlonds A 
and B is 6howA In figure 4.' Comparison of tJie JL-mck-lLToited perform- 
ance cuTveE of llend A and An Vl!'-26 fuel shows thit bleiid A is approxi- 
mately representative ' curri;nt aviation gasoli.-ie. The methyl 
tert -hutyl ethei^ Increased the knock limit of the base fuel over the 
•complote reiigd cf fiiel-aif ratios, as shown by coraparirii blonds A and 
5 in figure 4. This feet is of particular interest becKuse z>t tho 
need of fuel blending agents that' will Increase the knock-liuited 
performance at lean mixtures as well as at rich mixtures und&r elLI 
engine operating conditions.. The addition of the other did not 
Increase the indicated specific fuel consumption except in the lean 
region for the conditions shown in figure 4(c); the lowering of the 
heat of combustion by a 10-percent addition of ether, however, was 
estimated "to b'e apipr'oxiiniately 1 to 2 perpejit and .consequently lies 
within the eOcp^lmiantal aobia'acy oif the data. 
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Sesults that were o'btaliisd vlth blends C azid D are shoHzi in 
figure 5. In this case the gains In knoolc- limited perfoonnanoe 
caused by thd' addition of 20 percent ether vore quite appreciable 
and again appeared over the vholo range of fuel- air ratios linroB- 
tlgated. These data Indicate that the use of methyl tert -birtyl 
ether ajB an aviation blending agent vlll result In an Inareeme In 
the knock limit over a vide range of engine OQzd.ltlonB. Changes 
In the Indicated specific fuel consumption attributable to the 
addition of ether are noticeable in both the rich and lean roglana. 

The effect of adding 20 percent of methyl tert-butyl other to 
M-T-29 fuel is shown by blsnds T and G In figure 6. This addition 
of ether reduced the tetraothyl-lead content frcm 4 ml per gallon to 
3.4 ml- per gallon. The e^lns here vere not so great eua wore obtained 
vhen 20 percent of the methyl tert -butyl ethor vas added to tloxA C 
(fig. 5) but again the increase existed over the ccniplete range of 
fuel-air ratios. The indicated specific fuel consumption shoved 
(vithln the accuracy .of .the data) an Increase by the addition of 
ether for fuel-air ratios lover than 0.065; for a constant knock- 
limited meEm effoctive pressure, however, the ether blend had a 
lover indicated specific fuel consimiptlon than pure AN-F-29 fuol. 

Table I gives the estimated perfomance numbers at various 
fuel- air ratios from 0.065 to 0.10. These porformanoe numbers vere 
determlnod from a contparison of the knock-limited performance curves 
for fuel blonds vlth the knock-limited performance curves for S-2 
reference fuel presontod in figure 2. Tables II and III sunmarlBo 
temperature and speed sensitivitlos of the. blends tostod in the 
17.6 engine; sensitivitlos are expressed as percentage increases 
In indicated mean effective pressure for a given change in engine 
conditions. 



Full-Soale-Znglna Data 

Knock-limited performance testa made in tho full-scale-engine 
cylinder are presontod In figure 7. Data for the base fuel (blond H) 
ere ocmpared vlth tho perfoimancu of blisnd I containing 10 percent 
methyl tert- butyl ethor. 

Tba Increase In knock-limited power paused by the addition of 
10 percent other vas very similar to the gain detezwlned In the 
small-scale-engine tosts, as shown in table I. Data for the Indi- 
cated spoolflo fuel consunptlon (fig. 7) show a slight Increase In 
fuel consumption at lean fuel-air ratios. 
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Izispectlon Data 

Inspection data for iJlenils B, 7., and G are preBonbed In 
table 17. Tuel prepareid "bj adding 20 percent loetliyl tert «T)ntyl ether 
to AN-7-29. Cblend G) net all the specification requirements preerenbed 
vlth the exception of heat of ccmbustldn. Blend B containing 10 per- 
cent ether met the specification Umlts. In this case, hovever^ the 
heat of ccmhuetlon was not detemlned. 

The data presented In tahle IV Indicate that the amount of ether 
vhlch can he added to aviation fuels vlll he limited by the effects 
of the ether on the specified heat of oamhustlon. Althou£pi the 
addition of methyl tert -hubyl ether to the base blends lowered the 
distillation temperatures, this effect should offer no serious limi- 
tation to the use of the ether In aviation fuels. 



SUAAIABY QdT BESULTS 

Results obtained frcm Inspection tests and small- and full-scale- 
engine knock-limited performance tests cm blends containing methyl 
tert -butyl ether vere as follows: 

1. At all conditions examined, both email-scale- and full-soale- 
englne data Indicated that methyl tert -butyl ether Is a satisfactory 
blending agent for Improving lean- and rlch-mlxbure knock-limited 
performance. 

2. Inspection data indicated that the amount of methyl tert -butyl 
ether that can be added to aviation fuels will be limited by the 
effects of the ether on the specified heat of combustion. It was 
estimated that a lO-peroent addition of this ether will decrease the 
heat of combustion of an aviation gasoline 1 to 2 percent. 

3. The addition of methyl tert -butyl ether to the base blends 
did not seriously lower the A.S.T.M. distillation tezqwratures. 



Aircraft Engine Besearch Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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XABLE I - SST3MAIED PESFQBMANCE NOMHEBS FROM TSBTB ON TWO SBGINE5 
AND AT YABIOUS ERGIKE COKDITIONS 
CPerfomanoe niniil>erB frcm 17.6 engine eBtlmated from fig. 2;- 
perfarmanoe uunbers A^cm full- scale eziglne eerblmatecL trcMn 
fig. 7; all nuDLb^s below 100 repreeent the percentage power 
based on 100 percent power with S-2 reference fuel.] 



— -.^.^Fuel-alr 












■'~-^j-~..^^_ratlo ^ 


. 0.065 


0.075 


0.08 


. 0.09 


0.10 


Fuel blend^v 














, 2700 rpm; Inlet-alr temperature, 150° F 


A 

A 


■ 65 


94 


101 


117 


120 


B 


95 


100 


112 


130 


145 


c 


100 


107 


109 


115 


n5 


D 


148 


152 


156 


>160 


>160 


E 


86 


92 


98 


no 


124 


F 


69 


97 


105 


121 


133 


G 


104 


107 


120 


146 




17.6 engine; engine speedy 


2700 rpm 


; inlet-alr temperature, 250° F 


A 


100 


100 


103 


106 


111 


B 


105 


108 


112 


115 


120 


C 


118 


122 


123 


121 


n7 


D 


155 


154 


153 


154 


160 


T£ 


103 


106 


107 


no 


n3 


F 


105 


111 


112 


114 


na 


17.6 engine; engine speed j 


1600 rpm; Inlet-alr temperature, ] 


L50° F 


A 


101 


110 


113 


118 


121 


B 


106 


121 


131 


137 


137 


C 


112 


113 


113 


114 


n4 


D 


156 


>160 


>160 


>160 


>160 


E 


104 


113 


123 


132 


133 


F 


110 


121 


137 


142 


142 


Full-scale engine; engine speed, 2000 rpm; 
Inlet -air tempetrature , 210° F 


E 


111 


112 


111 


no 


in 


I 


125 


128 


131 


135 


137 


Full-scale engine; engine sx>eed, 2500 rpm; 
Inlet-alr temperature, 250° F 


E 


109 


109 


109 


109 


109 


I 


123 


124 


125 


127 


131 



^or composition of fuel blends, see pp. 2-3. 
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" tAHLH 11 - FISICBSEAGS UICRZA&E IN INDICATED MEAN EETBCTIVB IBBBSUEIES 
FOR M XnCBEASB Off EHGINB SPEED ITBOM 1600' HEM TO 2760 BEM AT AN 
XRLET-AIR ZEMPEEtATQEtE OF 150° F FCB THE 17.6 BHCrlRE 



^ ~--,>,ruel-alr 
Fuel tlend^^""*--^..^ 


0.065 


■ 0.075 


0.08 


0.09 


0.10 


A 


7.6 


.2S.5 


6.3 


16 


16 


. B 


4.5 


1.0- 


3.5 


11 


■ 16 


0 


5.7 


10.7 


12.7 


16 


15 


■ D 


0 


4.0 


6.5 


11 


17 


E 


4.0 . 


-3.2 


-1.2 


1.5 


10 


F 


-2 


-e.8 


-7.1 


0 


7 



^or oanposltlon of ftwl bleads, see pp. 2-3. 



TABLE III - FMiCENTAGE INCREASE IN INDICATED MEAN EFFECTIVE ERESSURBS 
■ FOR A DECREASE OF I HUgT-A IR TIMPERATDRE FROM 250° F TO 150° F 
AT AN ENGINE SPEED OF 2700 RPM FOR TEE 17.6 EROINE 



^^"--^.JFual-alr 

Fuel blend*!^^--^ 


0.065 


0.075 


o.oa 


0.09 


0.10 


A 


. 34 


40 


40 


35 


20 


B 


44 


39 


34 


30 


23 


C 


32 


24 


18 


14 


9 


D 


42 


34 


33 


29 


22 


X 


32 


30 


29 


22 


20 


F 


35 


29 


29 


27 


21 



^or o(sqpoBltloii'of fuel lileodB, see pp. 2-3. 
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TABLS 17 - HBFSCTION BA!EA FOR FUEL BUERTB 





M-F-28 


Fuel bleoia 


■ 


Erpeclfl- 
catlons 


B 


Z 


F 


G 


Tetraettaiyl lead, ml/sal 


4.0 


4.1 


4.1 


4.2 


^3.4 


Specific gravity at 60° P 




0.710 


0.718 


0.736 


0.739 


Held vapor preasure, Ib/sg. In. 


7.0 


6.7 


6.3 


6.3 


6.6 


Heat of ocmbustlon, Btu/lb 


18,700 




18,380 


18,260 


17,850 


A.S.T.M. distillatlaia data 


Feroentage evaporated 


Temperature 




0 




110 


110 


110 


no 


10 


187 


145 


134 


154 


134 


20 




154 


150 


169 


146 


30 




163 


166 


184 


161 


40 


167 


169 


183 


196 


175 


50 


221 


178 


203 


212 


185 


60" 




191 


220 


229 


200 


70 




206 


232 


244 


217 


80 




219 


252 


262 


240 


90 


293 


236 


276 


284 


275 


End point 


356 


294 


315 


334 


319 


Besldue, percent 


1.5 


0.8 


1.5 


1.0 


1.0 


Loss, percent 


1.5 


.2 


1.5 


1.0 


.2 



^or compoBltlon of fuel blends, see pp. 2-3. 
^'EBtlmated value. 
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rieure 1. - Check tests on S-2 reference fuel. 17-6 engine ; engine sPeed, J700 rpmj 
Inlet-Ilr tamperature. 250«> F; Inlet-coolant temperature. Z50^ F; spark adTanee. 
140" B.T.C.; compression ratio, 7.0. 
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(a) Engine speed, 2700 ppm; Inlet-alr temperature, 150° F. 

Figure 2, - Knock- limited performance of reference fuels. 17.6 engine; spark advance, 
40° B.t.C; compression ratio, 7.0} Inlet-coolant temperature, 250° F. 
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Fig. 2b 
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Fuel-air ratio 

(b) Engine speed, 2700 rpm} Inlet-alr temperature, 250^ F. 
Figure 2. - Continued. 



Fig. 2c NACA ACR No. E4H03 




Figure 2. - Concluded. 
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Fig. 3a 
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Puel-alr ratio 

(a) Engine speed, 2700 rpm; inlet-air temperature, 150° F. 

Figure 3. - Knock-limited performance of AN-F-2g and AlI-F-29 fuels. 17.6 engine; spark 
adranee, 40° B.T.C. ; conpraesion ratio, 7.0; inlet-coolant temperature, 250" F. 
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(b) Engine speed, 2700 rpm; inlet-air temperature, 250° F. 
Figure 3, - Continued. 
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Fig. 3c 
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o Blend & - AN-F-2g (130 grade) 
a Blend F - AN-F-29 (l»)0-P) 
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(c) Engine speed, 1800 rpmj Inlet-air temperature, 150° F. 
Figure 3. - Concluded. 



Fig. 4a 



NACA ACR NO. E4H03 



10 w 



•r4 U 

I u 

O t. 

C P. 



220 



200 



5 ISO 



160 




120 



.05 .06 .07 .08 .09 .10 

Fuei-alF ratio 

(a) Engine speed, 2700 rpm; Inlet-alp temperature, 150° F, 

Figure '^. - Effect of methyl tert-butyl ether on knoe)c-ll<i<ited performance of 
avlatlon-fuel blending stocJE; 17.6 engine- spark advance, 1*0° B.T.C. ; compression 
ratio, 7.0: Inlet-coolant temperature, 250 f". 
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o Blend A - 60% straight run + kO% aviation 
alkylate + 4 ml TEL/gal 

o Blend B - 90)t blend A + lOjf (MTB ether 
+ 4 ml TEX/gal) 
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(b) Engine speed, 2700 rprnj Inlet-alr temperature, 250° F 
Figure 4, - Continued. 
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(c) Engine speed, 1800 rpm; Inlet-alr tempepatupe, 150° F. 
Figure - Concluded, 
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+ 4 ml TEL/gal ) 



— -O 



.05 



.06 



.07 



.10 



.11 



s-3 : 



.05 .09 
Fuel-air ratio 

(a) Engine speed, 2700 rprnj Inlet-alr tenperature, 150° F. 

Figure 5. - Effect of methyl tert-butyl ether on ^•'"1°™!:!!°!, °' 

«ference fuel base blend. -1776 enelne; spark advance. 40° B.T.C; compreeslon 
ratio, 7.0; inlet-coolant temperature, 250'^ i. 




(a) Concluded. 

Figure 5« - Continued, 
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(*•) Engine speed, 2700 rpm; Inlet-alr temperature, 250° F. 
Flgfire 5- Continued. 
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Engine speed, 2700 rpm 
Inlet-air temperature, 250° F 



■ ■ ' 



.05 



1 1 1 1 



1 1 1 



.0 



1 1 1 1 



1 1 1 1 



' ' ' 



(b) Concluded. 

Figure 3* - Continued, 
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(c) Concluded. 

Figure 5» - Concluded, 
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Figure 6. - Effect of methyl tert -butyl ether on knock-limited performance of fuel AK-F-29. 
17.6 engine; engine speed, 2700 rpn; spark advance, 't-O'* B.T.C. ; compression ratio, 7»0t 
Inlet-alr temperature, 150° F; Inlet-coolant temperature, 250° F. 



NACA ACR No. E^HOS 




708 .09 

Fuel-alr ratio 



(a) Engine speed, 2000 rpm; inlet-air temperature, 210^ F. 

rigure 7. - Xffeot of metby^l tert- 'bgtyl etlier on laiook-llmited pcrfozmanoe of 

reference fnel base Itlenl. Foll-soale -engine cylinder; spark advanoe, 2<fi B*T.C.; 

oonpression ratio, 7.3; oooling air set to give rear spark-plng-lioaB teoperature ' 

of 365 F at 140 tiiiep and 0.10 ftiel-«ir ratio. 
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(b) Engine speed, 2500 rpm; Inlet-alr temperature, 250° F. 
Figure 7. - Concluded. 
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